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Abstract 


5Phe Hansen atmospheric model has been used to com- 
pute five monthly forecasts (October 1976 through Pebru- 

I 

ary 1977)* each being initialised on the first day of 
the month. Each monthly forecast is time-averaged over 
the month and compared with the averaged monthly observed 
yalues. The comparison is based on an energetics analy- 
sis* meridional and vertical profiles, error statistics* 
and prognostic and observed mean maps. 

The monthly meein model simulations suffer from 
several defects. Tropospheric temperatures are too cold, 
especially in the Arctic, The* thermal pattern over Nox'th 
America during this anomalous winter is not reproduced 
adequately. Amplitudes of tropospheric wave patterns 
are too flat in the simulations compared with the real 
atmosphere. There is, in general, no skill in the simu- 
lation of the monthly mean sea-level pressure field, ^tnd 
only marginal skill is indicated for the 850 mb tempera- 
tures and 500 mb heights. The coarse-raesh model appears 
to generate a less satisfactory monthly mean simulation 
thaix the finer mesh GISS model. 
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Introduction 


General circulation models have heen employed suc- 
cessfully to simulate numerically various climatological 
featiires of the global atmosphere. Attempts have also 
been made to utilize these models for long-range v/eather 
prediction and to test hypotheses about the causes of 
anomalous atmospheric behavior. The present study is a 
continuation of this research effort, using data for the 
winter season of 1976-1977. 

The Goddard Institute for Space Studies (GISS) 
General Circulation Model (GCM) is a nine-level, four 
degree by five degree latitude-longitude spherical coor- 
dinate (46 by 72), primitive equation numerical model. 

It uses Arakawa*s (1972) numerical method and a varia- 
tion of Phillips (1957) "sigma" vertical coordinate, 
with the atmosphere divided into nine layers between 
the surface and a top at 10 mb. It is integrated in 
five-minute time steps, and a global 24-hour forecast 
requires roughly 45 minutes of IM 360/95 computer time. 

A description of the GISS model has been presented by 
Somerville, et al. (1974). 

The GISS GCM has been used to compute several global 
monthly mean forecasts (Spar, et al., 1976; Spar, 1977 a; 
Spar, et al., 1978; and Spar and Lutz, 1978). There are 
various reasons v/hy a monthly mean forecast is desirable 
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for analysis. It has been proposed by Namias (1953) 
that certain large-scale atmospheric anomalies may last 
longer than a month, and it is hypothesized that, through 
time averaging, the shorter-lived and sraaller-scale com- 
ponents of the atmosphere will be filtered out. It is 
also hoped that the effects of phase error will be dimin- 
ished somewhat in a monthly mean forecast. In the study 
of Spar, et al. (1976), January forecasts were computed 
for 1973 » 1974, and 1975, all using the same January 
climatological sea-surface temperature field. The general 
structure and circulation of the mean troposphere v/as 
adequately simulated, but the intei'annual variations of 
the mean energetics cuid zonally averaged circulation were 
not accounted for satisfactorily. It was concluded that 
the GISS model was not capable of adequately I'eproducing 
the interannual variations of the monthly mean state of 
the atmosphere, given only different initial conditions 
at the beginning of each month. The model was found to 
lack skill in reproducing the sea-level pressure field, 
except for one successful simulation of the observed 
interaiuiual cliange in the depth of the mean January 
Icelsuidic low. However, the model did exhibit consistent 
skill in forecasting the monthly mean 500 mb height 
field over the northern hemisphere in the three January 
forecasts • 
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In this study, we have utilized the ’’Hansen"^ GCM, 
tt revised version of the GISS model. Like the GISS model 
it is a nine-level, spherical coordinate, primitive equa- 
tion numerical model, which differs principally in the 
resolution and physics used. She Hansen model was de- 
veloped for use in long-term climatological simulations 
and, therefore, uses a coarser grid than the GISS model. 
Shis is an, approximately eight degree by ten degree 
latitude-longitude grid, which corresponds to 24 by 36 
grid points. To compensate for the greater distance be- 
tween grid points, the specified surface condition for 
each grid point represents appropriate fractions of land 
and ocean. The radiation scheme of the GISS model has 
been replaced by a generalized "K-distribution method, *' 
(Lads and Hansen, 1974), which explicitly includes mul- 
tiple. scattering and implicitly integrates over wave- 
lengths. The Hansen model also treats clouds of finite 
optical thic^ess as non-block bodies, in place of the 
black body assumption of the GISS model. One result of 
these (and other) changes is that a 24-hour forecast 
takes approximately eight minutes v/ith the Hansen model, 
as opposed to 45 minutes v;ith the GISS model on the IM 
360/95 computer, 

^The ne\7 model was developed by a research group under 
the direction of Dr, James Hansen. A description and 
documentation of the "Hansen" model is in preparation, 
but preliminary notes on the model are available 
(Hansen, 1978). 


The piresent stiidy represents a teat ojT the coarae- 
neoh Hanaen model at one stage oX tJve model’s continning 
development, in terms oX its ability to simulate iO\e 
montlily mean state oX the atiuo sphere Xrom given initial 
and aurXaoe boundary eonditions. 



Data 


All observational data for the monthly forecast 
computations were compiled from National Meteorological 
Center (NMC) global analyses. These values are derived 
the Flattery spherical harmonic global analysis 
8^|;ieme„ Additional data tapes were supplied by the 
Na'ti'onal Center for Atmospheric Research (NCAR). The 
NMC global sets provide the data on constant pressure 
surfaces on a 2.5 degree by 2.5 degree latitude- 
longitude grid for both hemispheres. These are inter- 
polated horiaontally to the approximately eight degree 
by ten degx'co Hansen GCM grid and vcx'tically to the 
model’s ’'sigma*' coordinate levels for insertion into 
the model. No balancing, filtering, smoothing ox' other 
initialisation procedure is applied aftci' interpolation. 







Procedure 


' In previous monthly forecast experiments, the monthly 
nean observed conditions over North America were not too 
different from the climatological values. It was thought 
that an interesting test of the model v/ould be an anoma- 
lous set of meteorological conditions to determine if 
the model C£in generate realistic departures from clima- 
tology. Hie cold North American winter of 1976-1977 was 
chosen as such a test period. 

The model was initialized using NMC data at 00 GMT 
on the first day of each month. Climatological SST 

Vcilues for each month v;ere used as fixed surface boundary 

i 

c;onditions. Tlie 12-hourly outputs of the five monthly 
forecasts were then time-averaged to obtain five monthly 
niean forecasts. Tlie model generates forecasts on ’'sigma” 
Surfaces and, therefore, an interpolation routine was 
used to convert "sigma” level forecast information back 

I 

to constant pressure surfaces after time-averaging. The 
HMC data, also recorded at 12-hourly intervals, was simi- 
larly averaged to obtain monthly mean observed conditions. 

The evaluation of the experiment is based on several 
methods of aJialysis: 

Energetics ; The energetics of the predicted and ob- 
served atmospheres for the tropospheric region are com- 
pared. 


Meridional and Vertical Profiles; Forecast and ob- 


served meridional profiles of the vertically-averaged 

mean zonal circulation for each month are compared, as 

are selected vertical profiles of mean zonal wind, 

Prognostic and Observed Mean Mans ; To illustrate the 

synoptic output of the model, computer digitized maps of 

forecast and observed monthly mean values are shown. The 

fields compared are those of sea-level pressure, 850 mb 

temperature and 500 mb geopotential height. 

! Error Statistics : Tlie statistical analysis is based 

i ' ‘ ' 

on root-mean- square (rms) errors, SI (gradient) skill 

i 

shores (Tev/eles and V/obus, 1954), and algebraic mean 
errors (bias). The statistical analysis is applied to 
sea-level pressures, 850 mb temperatures and 500 mb 
heights. 
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Energetics Analysis 


A comparison of mean observed and forecast energies 
is presented in Table 1 for each of the five months. As 
in Spar 9 et al. (1976), Kj,j and represent the mean 
zonal kinetic and available potential energies, while 
Kjj and Pj, are the eddy kinetic and eddy available poten- 
tial energies of the mean flow (standing waves only). 

i ' 

Northern hemispheric and global data are both shown, but 
only the northern hemispheric energetics will be dis- 
cussed in any detail, as the southern hemisphere's ob- 

I 

served and forecast fields are at times questionable 

i 

and/or unreliable. The eddy energies presented here 

i 

should not be compared with previous calculations by 
Spar, et al. (1976), as they do not include the energies 

I 

of the transient eddies, but represent only the energies 
of the standing eddies in the monthly mean flow. 

As shown in Table 1, Kj, and Pj, are consistently 
underestimated by the model. Part of this underestimate 
may be explained by the coarse resolution of the model 

(?enenbaum, 1976), although there may be more basic dyna- 

' i 

mical reasons as well. On the other hand, Pj^ and are 
consistently overpredicted. Pjjj and Kj^ are strongly de- 
pendent on the meridional temperature gradients, v;hich 

j 

Oi'e overestimated because of the model’s generation of 
extremely low temperatures at high latitudes. This 
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! Table 1 ; Ener,g;etics of T-Iean Monthly Observations m 

and Forecasts (P) 

I Units: 10^ JnT^ 

j 

I Kj,j s= Mean sonal kinetic energy 

i ■ • ' 

Kjg fc Eddy kinetic energy 

Pjj - Mean sonal available potential energy 
Pg ts Eddy available potential energy 
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problem, . which was also present in the GISS model, is 
apparently due to the inability of the model to transfer 
enough sensible heat by eddies to high latitudes (Stone, 
et al., 1975)* In a coarse-mesh model this problem 
should be even more severe. Indeed, the diagnostic cal- 
culations of the Hansen model do show a marked underesti- 
mate of the eddy transfers of ijensible heat, Q!he pre- 
dicted and observed seasonal trends of the energies are 
roughly similar, and do resemble the climatological be- 
havior sho\vn by I'eixoto and Oort (1974). However, in 
some instances the model does not accurately simulate 
.the month-to-month changes. For example, the observed 
Kjyj reaches a maximum in January while the forecast value 
peaks in February. K^, is forecast to reach a maximum 
in December, but the observed maximum occxirs in January, 
And in the case of the observed and forecast maxima 
are found in February and January respectively. 



Wind AnalygAs 


In this section, on analysis of how well the model 
flimulatos the circulation of the atmosphere is presented. 
Meridional px'ofileo of the vertically-averaged mean r.onal 
wind and vortical profiles of the aonally averaged mean 
ifional wind ai'o shown in Figux’os 1 and 2 respectively. 

The vortical wind profiles in Figaro 2 are shown for the 
latitude of tlie observed northern homlsphoric jot stream, 
which may or may not coincide with tho foi'ocast northern 
hemispheric jot stromn. Solid curves in tO,l di£igraans 
i'opx'csont tho obsoxved values and the dashed curves in- 
dicate tho forecast values. Positive values in both 
figures denote wostorlioo, and negative values indicate ^ 
easterly winds . 

Tlio moridional px'ofiloa shown in Figviro 1 indicate 
a rough general si.mi3,arity between tJic observed and 
fox'ecaot seasonal trends of tjic mean Kona.1 winds, with 
stronger winds and mi equatox'wax'd sliift of ■bho juaxima 
Xx'om fall to winter in tho northern licmisphox^c. Jlov/ovor, 
tho model simulation fails to roproduco ;l:ho obsex'vod wind 
profile in several important details, such as the lati- 
tudes of tho mcoclma in November and Pocombor, and tho 
magnitude of tlio maximum in O'anuax'y. 

In the vertical vvind x^rofilos at tlio latitude of 
the observed jet otreams, shown in Figure 2, the shape 

12 
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of the wind profile is well-simulated each month. How- 
ever, in eTery month but October, the tropospheric v/ind 
speeds are underestimated in the model simulation, as is 
the jet stream velocity. The discrepancy is particularly 
large in January 1977, when the observed westerlies v;cre 
unusually strong and the model predicted only normal 
westerlies, Tliis result is the reverse of that reported 
by Spar, et al, (1976) and Spar (1977 a) for the G-ISS- 
model simulations of January 1975, 1974, and 1975. In 
those Ccilculations the model overprcdic led the strongtli 
of the jet-latitude westerlies, Tlio diffex'once may be 
due to the coarser resolution of tlie Hansen model. 


Profcnostlc and Observed Monthly Mea.n Maps 


The characteristics of the anomalous cold v/inter of 
1976~1977 began to appear over North America during the 
latter half of September (Taubensee, 1976) in the form 
of a deep tropospheric trough near the east coast of 
North America and a strong ridge in the west. As a re- 
sult of this upper air flow pattern, which persisted 
tlirough January, record low temperataires developed over 
the eastern United States, \-/hile temperatures were ab- 
normally warm in the west (Wagner, 1977 a; Dickson, 

1977 a; Taubensee, 1977; V/agner, 1977 b). la January 
•the wave pattern amplified still further (V/agner, 1977 b) 
leading to repeated advection of Arctic air southward 
into the eastern United States, v/here siu'face tempera- 
tures fell far below normal, notably in the Ohio Valley, 
producing one of the coldest months on record. 

February brought about a modification and eventually 
a brealcdovm of this aiiomalous situation (Dickson, 1977 b) 
The mean ridge over the Pacific Northwest moved eastv/ard 
and the wave pattern flattened. Particularly during the 
last v/eek in February, the mid- tropospheric circulation 
over North America clianged abruptly. The large-amplitude 
wave pattern, v/hich had dominated the winter season, 
broke do^^al and gave way to fast westerlies with fast 
moving storm systems traveling across the country, V/ith 


westerly flow now dominant, warm air spread quiclcly across 
the country and temperatures rose above normal in the 
eastern United States. 

How well the model simulation reproduced the anomalous 
Circxilation and temperature fields during the winter of 
1976-1977 will now be examined. To display the synoptic 
output of the model, digitised monthly mean maps were 
printed out for both forecast and observed values over 
the globe, cis v/ell as separately for the four quadrants 
of the earth. Tlie three variables displayed are sea- 
level pressure, 850 mb temperature and 500 mb geopoten- 
•tial height, v/hich ax'e plotted in units of mb - 1000, 
degrees Celsixis and decameters - 500, respectively. For 
the purposes of the present paper, only one quadrant is ; 
shovm: the western half of the northern hemisphere. 

Figures 5» 4, and 5 illustrate the fields of observed 
(top) and predicted (bottom) sea-leVel pressure, 850 mb 
temperatiu'e , and 500 mb height, respectively, for each 
of the five months over this northwest quadrant. 

In Figures 5, 4, and 5 North America lies in the 
center of the region, v/ith the North Atlantic Ocean in 
the right-hand third of the map and the eastern North 
Pacific Ocean on the left. Longitudes are labeled at 
the bottom of each map, which extend., from 10° W on the 
right to 180° V/ on the left, the negative numbers denoting 

17 



%wst longitude. Tlie latitudes of the grid points ore 
shovm in the second column on the right of each map in 
degrees Noi'th. (Note that tlie latitude interval is ap- 
proximately, hut not exactly, eight degrees.) !Hie first 
colunui on the right of each map shows the sonal mean 
value of tlio variable displaj’'od within the quadrant. 

In Pigui'o 5, soa-levol isobars have been drawn 
manually at an interval of 4 mb. It is apparent from 
on inspection of the maps in figure 5 tliat tlie model 
fails to simulate adequately the moniHily moan sea-level 
pressin'o fields. Although the Icelandic and Aleutian 
!lj-ows, as well as the sub- tropical high pr’essuro cells 
over the oceans and tlio Nox’th American continontaX high, 
are all reflected to some dogxco in the model simula- 
tions, the quantitative agreement between tlie obsei'ved 
and predicted mean fields must be charaoterlaod as •'poox'.’’ 
Most notable are the failia'cs to simulate the abnox'inally 
'deep Aleutian lows in January and Pobruary, and the 
otx'ong pressure gradients in the Nox*th Atlantic in Octo- 
ber, Novombex', Januax’y and Pebrnaiy, caused by the in- 
adequate slmulatlQn of the Icelandic lows and Asoi*os- 
Bbrmuda highs. In general, the modQl-gonox'atcd monthly 
moan sea-level px*essiu*es are too high in high latitudes 
and too low in low latitudes . 
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The -850 mb isotherms in Figure 4 are drawm manually , 
for an interval of 5° C, It is immediately apparent that 
the predicted temperatures are generally too low, espe- 
cially in high latitudes. The cold Arctic may be due to 
the inadequacy of the eddy trcuisport of sensible heat, a 
problem that is also present in the GISS model (Stone, 
et al,, 1975)*. However, the present model simulation 
isi too cold in the tropics as v/ell, v/hich suggests some 
other defect in the model. Tlie dominaiit characteristic 
of the temperature field over the northwest quadrmit from 
October through February v;as the largo contrast between 
the high teraporatiu’es over the west coast of North 
America (e.g., 120° V/) and the lov/ temperatures in the 
bast (e.g., 80 ° \7), which became most pronouriced in De- 
cember and Janiiary and began to ameliorate in February, 
The model does simulate some aspects of this cold v;ave 
in the east, notably in November. However, the December 
tmd January simulations are less satisfactory, and in 
February, when the cold in the east had abated somev/hat, 
the model predicted the most severe conditions. 

To illustrate the thermal behavloi* of the model. 
Table 2 lists the observed and predicted deviations of 
feO mb temperatures from the climatological normals at 
five selected grid points in the United States, Tlie 
normal values are interpolated from Crutcher and Meserve 
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(1970). The grid points are located in the "Northeast” 
(45° N, 80° W), "Southeast" (35° N, 80° W), "Midwest" 

(45° N, 90° V/), "Northern California" (45° N, 120° W), 
and "Southern California" (35° N, 120° V/). hOiile the 
model depicts large negative deviations from normal, it 
fails to simulate the phase opposition hetv/een the cold 
east, and v/arm west, and in Pebruary it grossly exaggerates 
the cold anomaly in the east. 

Tlie observed and predicted 500 mb heights, together 
with manually-drav/n 100 m contours, are displayed in ■ ' 
Pigure 5. Tlie observed fields show the pei'sistent sta- 
tionary wave pattern (v/estern ridge, eastern trovigh) men- 
tioned earlier. The positions of the ridge and trough 
over North America are reasonably well-simulated in the 
prognostic maps. However, the amplitudes of tlie mean 
monthly waves, especially in November, December, and 
January, are not adequately reproduced, and the jDredicted 
flow iii those months is much more zonal than the observed. 
The Pebruary 500 mb simulation is much closer to the ob- 
served field over North America. In all five months the 
predicted 500 mb heights are generally too low compared 
v;ith the observed values, which is consistent with the 
fact that the troposphere is too cold in the model simu- 
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Error Statiotics 




\ Hie statistical analysis is based on the computation 
Of root-mean- square (rms) errors and S1 skill scores for 
each month, applied to the tliree variables: sea-level 

ipressui’e, 850 mb temperature and 500 mb geopotentia.1 

1 

heights. The S1 skill score (Tev/cles and V/obus, 1954) 

is a conventiona.1 measui'e of the difference betv;een the 

I 

j)rcdicted and observed horizontal gx’adients. It is di- 
ilnensionlcss , and has a possible range from sex’o, fox* a 
perfect simulation, to 200, v/hich is the maximum and 
represents no cox-respondGnee at all between the fields. 

It is generally agx-ecd (based -on cxpGX'ionce at WHO) that 
a score of 20 indicates practically a pex'fect forecast 
and a scox^e of 70 ox great ex-’ represents a worthless 
fox'ecast. The algebraic moan diffex’ences between fox'e- 
casts and observations (forecast - observed) are also 
presented in the table of statistics belov;. 

Error statistics ai:e shovni fox' seven regions: 

(1) United States (27° U to 51° N and 150° U to 70° \l) ; 

(2) East Pacific and United States (27° U to 51° U and 
180° \} to 70° W); (5) Nox-th Amex-ica (27° N to 74° N and 
i50° W to 70° U); (4) BiU'ope (35° U to 74° N and 10° V/ 
to 40° E) ; (5) Tropics (20° N to 20° S over all longi- 
tudes); (6) ITox'thern hcraisp}iQX-'e (4° N to 82° N ovex- all 
longitudes); (7) Crlobe (82° S to 82° N over all longitudes). 


57 


I Talkie 5, which presents the algebraic mean errors 
(fjorccast - observed) of the simulations, shows q\iautita- 
tijvcly the bias of the model. Sea-level pressures are 

I 

! f 

generally imdcrpredicted, although not universally. (As 


shown earlier, in the Icelandic mid jVleutian regions the 

pijedictod pressures ai*o generally too high. However, in 

i 

tile A?ectic, over the continents, and in the oceanic sub- 


tropical anticyclones, the model underpredicts the pres- 
sures . ) Over the northern hemisphere the average bias 
for the five months is » 2.1 mb. Ihe 8!;0 mb data indi-' 
cate that the model tempcratitres are too low everywhere. 


including the tropics, ilie cold bias ovor the hortjicrn 
hemisphere is - 3.5° C for the five-month period. At 
the 500 mb level, the predicted goopotcntial heights are 
consistently too Iova over all regions, witli an average 
bias of - 93 m for the five-month iicriod over the nortliern 


hemisiihore. 'Bits result is 
consistent with ■Idle B50 mb 


, of oovLrse, hydrostatically 
temperature bias. 


The rms errors and Si| skill scores for the five 


monthly mean simulations ai'e shovm in Table 4. There 


appear* to be no systematic differences' in the errors from 
month to month and no seasonal trends. With regard to 
regional differences, the mm s errors ore smallest in 
the tropics. Over the northern henuspliero, the average 
I'lns errors for the five-month period are 6.7 mb, 5.4° 0 
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Table 3 : Alfcebraic Mean Difference (Bias) botv/een 

Monthly Mean !Fon?Gcant and Observed Values 
(Porecast - Observed) .for Vfinter 1976-1977 


Alp;ebra:lc Mean Bi 1:1: or once 




Oct. 

0 

< 

• 

Doc, 

J an , 

Deb . 


ST.P 

Unitocl States 

mm 

2,1 


1.2 

•M 

1.7 

•• 

5.2 


4.3 


2.9 

T®) 

!g. Pacil'ic c.o U.S* 


1.7 

+ 

0.7 

- 

0.4 

- 

0.2 

- 

0.6 

- 

0.4 


Silortii •unerica 

■i- 

0.7 

+ 

1.4 

•I- 

0.9 

- 

2.6 

- 

Q.7 


0.0 


lliJurope 

- 

2.6 

— 

5.0 

- 

3.1 

- 

5.0 

- 

2.8 

- 

4.0 

' 

?L'rop.i.os 

- 

2.7 

- 

3.0 

- 

1.8 


2.1 

- 

3.3 

- 

2,6 


ITortjiorn llomis. 

- 

1.4 

- 

1.7 

- 

1.3 

- 

2.2 

- 

1.5 

- 

2.1 


tJlobo 

*1“ 

1.2 

- 

0.3 

■J- 

1.2 


0.2 

-i- 

0.1 

+ 

0,5 

H? 8!50 

United States 

— 

2.9 


4.0 


2.0 

— 

2.2 

— 

5.6 

- 

3'i3 


)}] . ;i’ao ;i. I’i c to U . S . 


3.1 

- 

3.7 

- 

2.2 

- 

2. 6 

- 

4.7 

- 

3.3 

lLSI 

i-lox’tt Ai.icrica 

- 

5.0 

— 

5.5 

- 

3.6 

- 

4.2 

- 

5.9 

- 

4.8 


'j'junope 

mm 

4.6 

- 

4.0 

- 

3.1 

- 

4.2 

- 

5.9 


4.4 



- 

3.0 

mmrn 

2.5 

- 

2.4 

- 

2.9 

- 

2.9 

- 

2.7 


Heinis. 

— 

3.6 

— 

5.5 

- 

3.4 

— 

3.5 


3.7 

mm 

3.5 


UTofTo 

mm 

4.5 

— 

3.9 

— 

4.0 


4.2 


4.4 

mm 

4.2 

G 1300 

Unit’ 0 cl Stater. 

m. 

100 

mm 

97 


70 

— 

102 

— 

143 

— 

“102 

nr 

Jii. j-’;\ci:uie . S . 

- 

91 

— 

72 

- 

60 

- 

66 

- 

96 

- 

77 


STo'r’trii Aincrioa 

- 

111 

— 

106 

- 

77 

- 

115 

- 

123 

- 

106 


‘i'X^noTJO 


136 


147 

- 

107 

- 

149 

- 

156 

- 

139 


T.i?o|)ias 


04 

— 

00 

- 

77 

— 

85 

- 

87 


83 


i\lor'l;]io:i.‘n Ilcinis . 

— 

94 


91 

- 

86 

- 

100 

- 

93 

- 

93 


'G'Lo’be 

- 

06 

- 

90 

- 

80 

«■) 

91 

- 

89 

••• 

87 
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Table 4; Rbot-mean-souare (rms) Errors and S1 Skill Scores 


of Monthly Mean Simulations for V/inter of 1976-1977 


rms Errors 

bet. Hoy. Dec, Jan, Feb 


S1 Scores 
ITov, Dec. Jfm, 


>SLP United States 3 • 5 

ijbb') 1'] , !i'^ac i f i c &, U , S , 4.3 

1 Ifor 'uli Am e r 1 c a 6 , 4 

1 Kuro'pe 5.5 

I Tropics • 3.3 

I I'to'rtJiern P lemi s , 5.3 

i '^Tohe 8,5 


T 850 United States 3*7 
7o Dacliic lz U.S. 3.7 


iJortn America 

WroiTe 

I'rooicG 

ifertlicrn Homis, 
Globe 


4.3 6.0 
10.3 8.7 

8.9 7.5 

5.1 7.3 

2.9 4.1 

7.2 7.8 

7.4 8.2 


3.3 6.1 

3.8 5.3 
6.2 7.1 
5.7 6.6 

3.4 3.6 

5.9 5.4 

6.5 6,6 



ORIGINAL PAGE tS 
OF POOR QUALITYi 


U6 in px'eaa\ix‘0, mb teinpera’tee ai^a 

500 in)> jH>apoo’tiYe.ly. 'Bioao may \>f> oompax'Gd wifcp 

tha eom'oa pcmO in^\' Gpvora to^ ‘Wia :f oiw inonUia 

(aapvuwy :i974, aua .V\anaK\i^y 3-976) i'ov v^Aioh 

rnovlG^ a,Ui\\i3aiiona vgpg p^YformaCl (PpaYt 1977 3>). 

ahus avoYai^aa pt ttxa aT^^^->moael rnna ovYaaa Wgpo B.2 m'U, 

0 uul 74 m» iH'r'iH'G lively . la 'Uvinua ol liio naa’^lfc'VGl 

ppaaavm'G 1;U>1(1, Wia tuYvaaG-nualx mala I niiimiatlaaa ars?e 

aalpally a44|liUy Uuai tiioaa 'Wu> t:UunMueta\ 

OIJU^ juaaol, nUl\o\iili uiKltPav aat la aatialao l.oYy. \Jlt4i 

I a 9!'0 mb lam^Ha'nturua upil 900 mb balt^bla, iiOV^« 

^YPP, IbA’* aat\Paa«n\aab mavl(''l paoiUu'aa u laaa aal.:lalaoboi>y 

* 

ainm\4 a I’ U>ii Ibau vkH'a tba (11 Oi* movb--l* 

Bu> 01 uvHi'VGa nbawn Xw 'lObla 4 liuilavVl'G tbat tba 
Hmuuva movU'li Ilka tba ( 910^0 uuvuivl, ollUbitsi no ablll in 
aliplnUiUv 4ba naa^^loYal paaamu'a Hall, (('^yoy 'Uia 
XiPYlbavu bomlapbaYa, Iba llYa-moulb aYovaiia 01 aoapa loY 
aaii**' I aYal pi'aaawra la a ''vf >YlJblaaa** laYuaaaH) ivt 
0^0 mb laYa’l , 4i\a 01 aaaraa lav Iba almulatloaa ol 
till t vm\poY(\ (11 aa paH iaat vvaa nuu'b baM a-Y, aapc-a icaUly ovax 
' tSvb buUa'vl Otataa* Ha\\?aYOY| dyoy l-ha aQYUujYY boYdapbOYe 
Ibay aYt^ Itaaa'pa.lxvtiliplly lvV|yb| vO/lli a llvd'^maatb avoYvipa 
Yi\jhia aC b4 i oamiYa^Yd Iba lowY-maivt-b (Uoa-modal 

^waYaKO af 4b. Ibla mbsoaata aaly maY^Hnal ablll loY Ibb 
Ihmmi malal at tba 900 mb laYal oampaYoa wllb tbo moYe 
a?\tialabtaYy poYlbYmaaoa o;C 'tba 0100 modal. 


Summary ana OpnalvistipytK 


tWvu .tMvo p.Hnl'Urfc,lon oxptnrituouta couduotoA in ihis 
6 i\u\y app(\nr to indioivto tbat^ fit tin? proaojvt; otago oi 
ito aovo:iopmont, i>lio ooaxao«mooh model dooo not yot pro- 
el vu.o *a oo (.oA\y o;ljiiuia ti-i 03 V o;{' tlvo inoi^tlvly moan at- 

moophoro. 

; IHvo moan nonal kinotio ana avnilublo potontial 
juvoraioM fwo oonoia liontiy ovoi'px'odiotod by tlvo modol> 
v'lvllo tlvo oddy tinotio and oddy nvnil'>blo potontinl 
onon^^oit av'o vmdo3nn'odiot?3d. 

!l^ho moi\ldio33iUl and vov'tlonl wind p:t'oiilon oi tlvo 
wodol intnoo with the ohnorvod viunvihly moan pooiilon ovily 

in Ip'oad wwaUtativo niruotuj'o, hnt not in (pumtitativo 
dotfjil, 

tWvovo in a nov^ionn no^atlvo hian in ’tiu> pnodiotod 
S»iO wdv tv'mpooaturoa and !?00 mb fnH?potontiol hoightn. 

iWvo .lOdol ojiihibi'tiv no aldll in nimnlativpt the vnonthl; 
doan aoa-.l.o¥ol proannoo tlold, and only mfu'^inal f?kill 
ih roproduoinp tho PhO vnb tompo 3 'atu\a>a and !>00 mb 3 voiglvl;a 
over tho norlhovn homiaphov^o* Over Mor'ldi .Avaorioa the pon- 
iormanoo in aomowltal botton, bat it atill iaila to airau- 
lata fuiod\v<vtoly tho ovolntion oi the nnomaloua oold win- 


ox J 1)70-1^177. 


ooaAn:?o-moah modal appoara to bo aomoVvhat loan 
oatiaiaotory than tho Xinor-moah dlSd modol in ai 3 iiula:bing 
Idvo BS)G mb tomponatnro and {>00 mb hbia:ht Xioldh. 


AoknovA eilAiuexitn 


!Dhl« otvxdy oarridd out at t}ie (loddard Xnatltutq 
,fo:c Spacu's {ttudloa (Potearl; Jaatrow, 3Xrraei;ai*) aruU>:e GTa-at 
ilo. Ndlv ;5;S-0:i6-QaG Xx'om llu' NASA GoddaiHi Spaoo HirSi't: 
Qapto:iN 1 \vlali to aak:uo\\CLeda'e 'td\o ixoaoroua aappovi; o:f 
tdxe G^XSS a’l;att, oapooialXy Jamoa* Haaaoa, Oar^'' NuaaoXl, 
and Koto Huody .fox' tAetr guidanoo in aompntor ppogrmu- 

i 

jAing and modal operation, v\ud tho aaaiatanoo of Joana 
Koiuwlo, wlxo a\dod In all napoota of tkla atndy* A 
opoolal tAanka and aoknow'U>dr:u)ont :Uv made to Poof, 

Jopomo Spar I \Svta;o holp, guldaaoo and .Crlo^uiahip hayo 
wado *ld\la oxpprlwoul poaa.lblo And onJoyaKlo. 
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